LEARC R LT T ) S T e R coliE R HI

UNCLASSIFIED

, 299 902

Reproducced
by the
ARMED SERVICES TECHNICAL INFORMATION ACERCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED




P — comparrengrney e RRINREE RN R frr

NOTICE: Wuen govexrnment or other drawings, specl-
fications or other data are used for any purpose
othsr than in connection with a definitely related
govermment procurement opermatlion, the U, 8.
Goverument thereby incurs no responsibility, nor any
obligaticon wvhatsoever; and the fuct that the Govern-
ment may have formulated, furnished, or in any way
#Fpiist tha =ald drawings, spacifications; oy othar
data in not to be regarded by implication or other-
vise as in any manper liuvwasliaf Whas holdsr or any
cther person or corporation, or conveylng any rights
or parmission to manufacture, use or aell Any
patented invention that m&y in any way be related
thereto.




3

AD lio.

JPRSs 16,072

=z

7 Novembax 1962

299902

>

.PROBLEMS OF SURGICAL TREATMENT '
FOR INJURIES CAUSED BY RADIATION
by A, Morceak and K, Neumaister

= East Gsrmany -

ASTIA Fu coey

TR s A it - bt e o= e apwan

99 902

{
{

T U. 8. DEPARTMENT OF COMMERCE
OFFICE OF TECUNLCAL SERVICES
JOINT PUBLICATIONS RESEARCH SERVICE
Building T-3D
Chio Dr. and Independence Ave,, S,W,
Washington 23, D, C,

Price: 51,50




FOREWORD

R

This publication was prepared under contract for
the Joint Publications Reséarch Service, an organization
established to service the translation and foreign-language

rasaarch needs of the various federal government depart=-
menta,

The contents of this matarial in no way represent
the policiaes, views, or attitudes of the U, S, Government,
or of tha parties %o sny diatribution arrangements,

PROCUREMENT OF JPRS REPORTS

All JPRS reports are listed in Monthly Catalog of U, 8
Govar%n_\gt_lg__gubnear.iunu. availabla for 94,50 {$6.00 foreign) per

year (including an annual indax) from the Supsrintendent of
Documents, U, S, Government Printing Offige, Washington 23, D, C,

Scientific and technical raports may bs obtained from:
Sales and Diatribution Section, Office of Technical Servicas,
Washington 25, D, C, These raports and their pricea are listed
in the Office of Technical Services samimonthly publication,
Technical Translations, available at $12,00 per year from the
Superintendent of Documents, U, S, Government Printing Office,
Wamhington 25, D, C,

Photocoplies of any JPRS report are available (price upon
request) f£rom: Photoduplication Sarvice, Library of Congress,
Waghington 25, D, C.

| 4
2

Yeily L %!
AT

L2
{

)

y




f “ﬂ“ [figome s

JPRS: 16,072 —_]

PROELEMS OF SURQICAL TREATMENT JOR INJURIES OAUSED BY RADIATION

(Following is a translation of an article by A, Morozek
and X, Neumsister of the Institute of Radiatien and

the Radiotherapsutic Clinic of the Magdeburg Aosdemy }
of Medicine (Dn'ontorl Pnt Dr ul. hlb:\.‘l.. A. Morosek),
published in Dag deutsche ) A

2 J\lb 1962|
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The oonstrustion of atomio power plamts, the existence of nuolear
ar=s as 231l 32 ks isevsagins appldcatisn 4o mamy axgaz of onx 1ifg of
nstural and artifiolal redicactivity make it necessary that large ciroles

af pheraiad ana hanama Showsnahlse ssanalntad wiéh dha nmh-v’\wﬂa and tha-

o

rapy of radiation damages, Snmﬂoury § TYT LY mt.ihxted in nnulou-
plants and laboratories limit the employess! % to rediation to a
xirimum, Neverthelessz these measurss do mat £ rule out the danger
of radiation acoidenta. By rediation sooidents we mean accidents whioh
o::lut. of dnjuries and simultansous sxposurs to the effects of radi-
at1on.

Radiation oan axert its action on the erganisa in the oase of an
socoident in two ways:

g Through irrsdiation frem the exterior,
Through the absorption of radiosative substances by the organiam
{Ar.sorporation).

The two routes by whioh dsmage may be affliotad on the body may be
combined with one another in various ways. High doses of radiation,
reaching larger sections of the body or the entire organism, whsther com-
ing froa tha outaide or from within the organiam, bring about the acute
radiation syndrose, Irradiations rsaching a oiromuoribed ares produce
local radiation damages, The absorption of radioactirve substances can
take place in the following ﬂn-u ayR:

Torough the gutmmtuuml tncf.s
Through the lungs;
Through the intast and/or :I.nJurnd skin,

In the case of & nusdear Veaporis ozplol:\.on-thc mechsnies of dn.m.g:_J

|..._.,.




ri:_tundamantally the sem i in nuclear reaytor acoidents. The diffnq
ences are only quantitative. In addition io lrradiation from the
sxterior and incorporation of radicactive substances which affest ine
dividual organs or the whole organism, mechanical or thermal influsnoes
Nay cause injuries whioh further inoreass the poseibility of wounde
contamination arnd hence, of an additional insorporation by this route.
In this way the nusber of posaible combinations of rediation damages is
groatly inoreased,

The extent of health damage cauvsed by the incorporation of radio-
sotive substances depends on a nunber of faoters:

1) The amount of radionualide absorbed)
2) The nature of the emitted radiation)
e The effeotive half-life)
The route of absorption An the bedy)
5) The affinity of the radionuolide in question to given organs
(pattern of distribution)
6) The relative suaceptivility to radistion of the oritical organ,

_ In function of thens factors evem small amounts of radionualides
insevpavaiad 1% tha avsaniss san bs dangamsus.

Taldons Wik LaTe Ledn sapuess v & Digh doss of radiatian ay wha
had incorporated radlonuclides through the gastrointestinal tract or
the lungs, are sent to physiclians who have been specially trainsd in
nuolesr msdioine { RuKl4sTmedisiner; Touclear physicians®), In capes
vhers injuries had also ocourred it 1a necess to resort first to sur~
gioal treataent undsrtaken in ocollaboration with the nuclear physician,
In this paper we shall disouss the dbasic guiding prinoiples to be ade
horsd to in sush cases.

Tha arssent methods of treatment cannct as yet be based on any wide
experienve in this araa since luokily nualear cstastrophes have basan
 { rare. rence, tho methods of treatment are still im the process of
elaboration, while maldng use of datn from different fields, Cur know-
ledge of the surgical treatment of injured and radiation-dasaged in-
dividuals is based on experiences acquired in Japan after the dropring
of atonmioc bombs in 1945, on observations odbtained in acoidents in
nuciear plants and laboratories, on olinlosl cases of therapsutic ire
radiations and on the results of snimal axperiments.

Finkel and Hathaway (10) report on rathey frequsat injuries in re-
searsh lavoratories ar well as in olinleal and techniosl isotope de-.
partments, caused by the incarporaticn of rediosstive substances. Thess
acoldents 1lsd to-the establishnant of av-called decontaminetion shations
staffed by physiclans, physicists amwl specially trainsd auwxiliary perd
sonnal for the, trsatment of radlosctively contaminated wounds, Similarly,
King (22) prescribed for the trestasut of radiation~damaged persons

l special atations staffed by an appropriately trained group of physioiar:,




sod auxiliary pereonnel, Thess stations should be Oqﬂl?nd‘-l
way that in addition to the required wedioal and surgieal
the staff may also perform msasuremants of radisastivity,

ation=biologioal research,

Radionctively contaainated wounds are
atress. The latter can vary greatly and is depamdent above all on the
valocity of reserption, The axteat of resepptien
in tur en the dcal~chemion) characteristics of tha radiatipn aoures
as well as on the nature =abeve all the vasonlarization= of the wound,
Incorporation via open wounds usnally preceeds very rapidly. In the osse
of large~sise wounds it may oqual the velodity of absorption fellewing
an intravencus injeotien (Oraul O)). .

Foremsn (&) that an assistant whe had injured her finger
with a glass while working with a pluteniwm solution exhibited
a relatively redioactivity in the urine very shortly after the
scoddent o Marinalll and Bathasty (9) desoribe an imoerpe-
wation of Thordium-227, A a=ier of ths TaSsATSh §iGNp iajured Lis index
finger with a outtar that had been dipped two days before imto a solutien
vi TheZZ7 chioride, Immedistely tReTAITEY the s«ray detestor oounted
60-80,000 Lapulses per minute on the site of the pumoture, After rinsing
the wound with oaloium disodium athylessdiamine tetvescatate (CaEDTA)
and halfwconoentrated hydreohloric acid, the count was still 17,000
impulses per minuie, After four days, in view of the high sutivity in
the urine the thowght arose that perhaps the mother substanse Astinium-
227 had also been rporated, and the wound was axolssd
and the patient treated with 1 g CaXDTA, tared intrevenally. On
subsequent aotivity tutu!s:lth s i-ohanmnel disoriminator it was found
that while the The227 had disappeared rapidly froa the wovnd region, its
rate of exoretion from the body was vary low, Ths daughter aubstanne
Ra=223, which becsuse of its sufficlently high paried wes the only one of
the decomposition products accessible to analysis, was found to have
been resorbed from the wound repidly and to have besn exsreted sconer
than the mmo

The traatment of psrsone injured in radiation acoidents should con-
sir% ot the application of first aid and the earlisat possible surgiocal
interveniion. The first ald should be administered by the ataff of the
isotopo laboratory who must be sppropristaly trained. When an acoident
occurs the first thing to do is to determine the amount of radiation teo
which the vietim was exposed or at least its order of magnitude, The next
step iz the dacontamination of the vioiim, the instrusents and the plase
of work., The contaminated olothes must be left at the ca of work. The
contaminated bedily aress should be washed as follows (Besk, Dresel and
Melching (1))

!
_— . wed

v in-
Juriea have to be attsnded te, the staff slionld devote itself to radie
axpos
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r— 1) Thres minutes' thorough wasking of the area in queation with-l]

lukewarm sater and pild sosp)
2; ht winutes’ sorubbing with the hrush)
3 vity check by mema of ocounters
k) atien of decontaminstion messures (see below);
5) mmm with sodium sulfite or sodium oitrate.

For the desontaminetiod of smaller amounts of radiennelides tita-
nium dioxids ("Deitentan") mixtures with barium sulfite and starohss, as
wll as dsotonio salt solutions hate bewn found wseful. In the case of
4 contaaination by wiown radismulides or by a sixture of radicsctive
subdtances it 10 recommspded that a¥An area be aleaned with
s mixture of titanium disxide amd N/10. 40 acdd. In the case
of contamivation with known radiatism souress it is expsdient to use
appropriate precipilating agents. Far the desontsmination of hands and
foot satumted solutions of Kia(y are most suitsable, Heavy netal come
pounda, for instance uraniuva salts, may be eliminated by the addition
of oitrate to the wash water, simos dtrate ions form soluble complexes
with heavy netals, For certaim sssse it is advamtegeous to use conaene
tratede=oiroa 8 Re=iCl, espwo An regilans where the siin is coversi
by & thick heorny layer, or where ares of dontamination is emall
(2). For mucous mambrancs sodium biosrbemate is a awitable oleaning
agent (1,2).

Very intereating ire the experiments with rats reported by Michon
(12) An whioh it was attempted to carry ont the slimination of radioe
active irpuritiss by means of ionctophoresis. Im thess experiments one
of the electrodss was placed at any given peint on the body and tie
othinr on the conteminted ares of the aldn. The best decontamination
results were obtained with a solutien of 2519 acid and sodium sulfate
at pi 3., The ourrent intensity was 0.3 157 « In tha oase of & cortemi-
nation with carrier=free P=32 in the form of phespherio asid (smion),
95 percent of tha contamination reasinisg after was eliminated
by G.5 coulomb/cm2; with strontiue~80 + yitrium-90 (oa in the form
of chloride over 80 peroent was eliminated by 1 eoulomb + In all dew
oontéminations one should make sure that the Lamprarity ie not carried
into the wound ox into the natural kody orifices.

Medical help should be suxmoned evan An the onse of mild skin ine
juries, Treatment should always bs oarried out with partioular hastu and
caution. The injured and radicsstiveldy dontaminatod skin area should be
exaised. thus preventing the penetration of radiosative subatances into
the oiroulation. Prior te this operation the magnitude of the radicacti-
vity and the tyre of radionuolide should be asaertained, sincs the extent
of surgiosl intervention will depend on these data. 4 olose cooperation
between surgeon and nuolear physiciam is indispensable in such cases
(1, 2, 3). Prefersntially, the parformance of these tasks should be taken
bver by the isotope departments of the olinits. In regard to the method

£ wound treatment and excision it ia not possible to set up any hard
EE fast rules. For purposes of guidanco one may follow the advice of __



]

Hug and Muth (8) according to which a radical intervention is necessary
whenever more than 1 pc of a dangerous racionuclide has penstirated into
the wound. For tha inspsction and contrel of the wound contaminstion

a suitable instrument is a sensitive sointillation counter with a needle-
sbaped tip, With the aid of this instrument even the very smallest

wourd regiona may be checked (1).

Sefere the axclision the area of operation must be thoroughly cleaned.
Finkel and Hathaway (10) recomuend that the physician cover the wound
with cellophane or apply a temporary suture in order to prevent any ade
ditional rinsing of redicactive subetances into the wound. The deconte~
mination of the operated region should be carried out with lukewarm wae
ter with iLhe addition of detergents, and by sorubbing with a soft Perlon
brush, It may be sxpedient to let the wound bleed for a short time so
as to rinse out in this manner radicactive substances present in thas
blood strean. When the exciaion oocours on the extremities, the opsration
should always be followsd by blesding in order to reduce resorption (2,
3, 6, 10). The result of the surgical intervention must be verified by
aotivity measursaents. befors the final trsatment a thorough oleaning
of the wound from radiocaotive rasidues is indispensable. Regular bloods
snd urine testa for radicsotivity are very essential, These tests pro-
vide durinz the seurss of Srsabmant dofocmatiss rsgasding ths sxtant
of the existing nuclide Aincorporation and the necsssity of further

thanurnantia maasvinaes
] MTLIL madByves

——— =

0f thess latter meaaures decorporation is the most important. The
ssparation of radionuclides from the organism may ba activated by che-
late-forming agents (for example BAL, sodium citrate, EDTA, diaminodi-
ethyl ether tetrascetio acid, diethylenstrissinspenteacstie acid), by
siroonium salts or by pelyphosphates. This aubjeot is exhaustively
treated by Grawl (2,3), Cataoh (5), Sohmidt (7;. Mioke (8) and Spode
(11). The after~care of the wound has to be attended to every day. In
this connection one should pay partioular attentien to the radiation rew
action of the skin and wound surfacs sinae it i1s possibla that the wound

had been exposed through the contaminastion to a partioularly high local
radiation dome.

In cornection with this subjeot it would be interesting to know
whether and to what sxtent a high looal doas of radiation or even & ra=-
diation affecting the entire body, influsances the wound-hsaling process,
and whothioy on the other hand, the course of the radiation illness is
influ=ii~ed by the simultaneous presence of injuries, There are & few re-
poris . .i.ing on this subject, Katayama (13), working with guinea pigs,
sroatu: in the animals wounds 13 cm in diamster and irradiated these
wounds at varlous stages of thelr healing with a radiation dose of 120 r
under counultions of depth therapy. At firat thers was an inhibition of
the hwaliug process. This was followed in the stage of transformation of
the youn; granuletion tissue into vonnective tissue by an sccelaration o

16 L.ealing procesa., Tha effects wers the more marked in both directions
qgg_soonor the irrediation was carried out and the higher the nagnituda—J
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\-:; irradiated doses.

Purther investigations wers oarried out by Bystreva and Sokeley
(24, 15) They exposed guinea pigs te a total-bedy irradiation of 400 r
and then caunsed sicin wounds in the irradiated animals. Compared with
s oontrol group of nem~-irradiated snimals the wownds healed slower,
There ware sither no inflemmatory resstisns in the wownd region or they
set in balatedly, sneraiive pYeoesses were retirded, mainly becamse
of the lask of p eration of fibreblasts, In animals in whioh the
radiation Aliness had taken a severe courss, sonsiderable bleedings oce
ourred in the wound region, as well as necreses with sesondmy infeations,
No differenoe was observed in the healing precess whether the wund was
treated or with sterile bandages, In ganaral the wownds of the
irrsdiated animals healed 3=5 days later than thoss of the controls,
The soars were harder amd wider,

Yory basio investigations were aarried out by Baron and Vieten (23).
These Tesearchers axpesed 500 guinea pigs t0 redistion and then orested
wounds in the skin of their flanks, the precess the
mnumummmuui at intarvals, Different groups
a’.‘aﬂ:ﬂhr.rege-.é&eeeeet.!z_b
ation of the weunds, snd to 2x 1 .111

as araxfiay. The
ef these experiments msy be swmarised as follows: In the ocase of the
irradisted andimals thers was & Netier contraction of the wound in the
irgt Tow days. The irradistion led to a2 yedwatisn of wound seoration,
s0 that the wound was dry. After the sixth day and wp to the 18th day
there was a in the wound-hesling precess dus to the inhibition of
the growth of Libroblasts, The extent of retardatien of the wound~
healing process was in direot rtion to the dese or radiation admi~
nistered. In the oase of ire n prior to the areation of the
wounds, the latter hesled with less epithelial sxpsnditure or smaller
soars, Only with low doses of radiation was there any snhansement of the
wound healing and enly when the irradlation cocurred after the wownding,
The senaitivity of the animals to total-body irradiation was greatly .
inoreassd by the wounding.

Niokson and his research govp (16) Arradiated rats at one-day in-
tervals with a total of 4 x 500 r under depthetherapy conditions and
then caused in the animals desp 2bdominel wounds och inoludsd the
peritonium. In contrast to other authors thay reported that the wound-
healing process ended on the sams day in both irradiated and non-irra-
diated animals,

Nagoryanskaya (17) followed the course of wound h in 52 pre~
irradiated and oparsted patisnts. Up to a total dose of 1,800 r w0 in.
£iusnoe sxerted by the radiation on the healing process was olinioally
observahls, With doses gbove 1,800 r the index of secondary healing in-

ressed, Prolongation of the duration of pre-irradiation to over 30 days

U ST
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ru_nd inoreasing the interval betwsmn irredistions and operation to over
60 dars likewiss led t0 & rime in secondary healing due te comaidersdle
solerotisation of the skin blood vessels and surrovnding tiscues, with
trophie disturbences being observed. Postopsrative weund healing wss
influsnced by the localisation of the patholegical precess, the site
of the irradiated aresa and the extsnt of surgisal Anterventien, Dmitri-
sva (24) undertook experiments aiming at the determination of the op-
tirsl time of wound treatment in the csse of acute radiation syndrems,
S4mltunvously with Arredictions of 200, 400 oxr 600 x, rabbits were
wouxiad in the of the spowut, It was fownd that the best healing
resulis were obte when the wwd wea treated after 2% hours,
while the results of treatment in the first few hours of 43 hours after
irradiation were poorer dus te appearance of neoroses.

Taanev ot al (25) investigated ix 700 white mice the inflwence of
bigh radioactive doses on the healing process of weunds which were
cansad in the animals by seversl methods. In the case of the first
growp wounds 6 to O mm were oreated with a sharp soissors; in the se-
send gre ‘golmmm.dw“otaprulmotbmls
ugzoﬁ t 4% & Shsxd greup the wewnds wers infested with a culiure

- - 2 - - -
of slaphylacsoins amraua. It was fowsd thasl ths fommstiom of Sewee-

eytic infiltrates was strongly reduoed after tetal~bedy irradiation
DetWeen 0U0-O00 X TR grannlition, ON.tAe Other hand, was ioes ime
paired and the regensration ability of the epidersmis hardly affeoted
at all, The phase of demarsation of the wewnd precess was oensiderably
reduosd; the second, proliferstivesregenerative phase very alightly
weakenad, With 700 » the formatien of gremulation tissus was reduoed.
Even move worthy eof attemtion is tho faat that the thelisation pro-
osss was pot affeoted evem at 800 », It seema that this process does
not immediately oa the conddtiom of the wnderlying tisswe, The
regenarstive~prolifarative phsse of the healing was slowed down in the
case of wound infestions and the appearance of neoroses, With wnoompli-
oated, clesan wounds no difference was sbserved in the healing procets
botwesn irradiated and mem-irredisted animals. Partieularly ispertant,
on the other hand, is the obeervatien that the healing of wounds which
were inflioted during the manifeat tems of the radiation 1llneas
was retarded to a mwch greater axtent wowads which were cansed in
the first 2 to 3 tor irrsdiatien, In irradisted mioe the ine
fection of wounds showe a temdency toward beceming genesral,

Wih a very high loosl dose of irradiatien it is possible for a ra=~
diation wloer to davalsp in the ares of the wound, Swoh skin defects
have a decidedly low tendency to healing. Becauwse of the looally weak-
ened power of resistanse of the tissue, there threatens the danger of a
puralant infeotiom. Trectasnt in these csses comsists in the application
of »'1d salves and tasted antibiotios (18). Sheuld the radiation ulcer
LAl 0 heal as a result of conservative therepy, then the only way out
is an operatien wnder the pretsction of antitieties (19, 20, 21). The
Cc;uien of the damaged skin area should penstrate wall into the hn.lt._hj



Lasua with gond vlood ci*#u&ation,éﬁa Tk T B ﬁ‘tte, into the -_]

underlying tiseu:. Finsdli, 4o derset sheila be zorrected by plastic
surgery. becausv of the doficlent leooal “leod clroulatlon free trana-
plants and shift grafts have & bad healing tendency. The bLest results
are obtained with jump flaps, especially from the abdominal skin or
gluteal region. In order to spare the akin it ls recommended that ths
1nta€vagtion bo carried out under gensral and not under local anesthe-
aia (Z0).

A oloss cooperation between surgeon and nuclear physiocian is re-
quirsd also in the treatment of bone fraotures resulting from radio-
aotive mccidenta or nuoclear weapons explosions, Experimentz on rats and
mics whloh were subjected 10 bone fractures prior to irradiation ashowed
that the formation of callum was veduced at irradiations abovs 600 v
aud fully supprossed above 1,600 r, The total healing proscess was there-
fore vonsiduwoly revarded, Dosss under 600 r had no effect (26),

Krupko (27) porformed experiments with doge in whioh the thighs of
the animals were broken two houra after an irradiation with 400 to 800
. 5ix porecent of tns animals died witihin 48 hours, an additional 66
paroent within two weaks, Histologloally ths surviving animsls showed
& delayed ¢allus foramation. In the case of infwoted compourd fracturas
doath cocowrred dwrling the firel live dayw. Wilh vudliel wounds ihe Tee
sult was even worse, shen the wourks were treated under the protection
ol antiniovlos 1in losal Anssthesia, the number of surviving animals ine
srsased. For tho treatzsat of fractures marrow-na appoarsd to Le an
axpadient nathod, Other seriss of experiments (28, 29) led to eimilar
rosults. .in fractures of the elbow or knee jolnt or of the radius of
rapbits caused 3 to S hours after a totel body irradiation of 600 r the
healing waa slowsd down due to retarded oallus formation, especially in
young animais. When tna fractures were inflictod 20 hours after irradiw
ation, the healing process was much less retarded,

In the troatment af injured and radlation-damaged persens thosa
axparimantal findings nust ka taken ints congideration. Tt im selfs
ovident that the results of animal sxperiments should be aprlied tc
humans only with great oirounspsotion and a certain amount of reservan-
tion. o syslematization of therapeutic measures is possible, The nurgle
0al measurve must always be adapted to the natura of the injury and he~
yond that, to the ontire alinical picture and ths ocourae of the radiation
damaze and radiatinn illness. .

In the case of a catastrophic aosident 3t is not alwsys possible
to underteke treatment in & scholarly mannerj nevertheless Lihs guide
lines set forth horein should e considsred a goal to be kept in mind
st all times, : -

Summary . :
: - ! t
; sacause of tlae conplexity of ths mechanism of damsge, injuries  _.!

[
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| ru—utrohd a8 & result of nuclear cstastrophos are of a specisl nature,
; e <o —— . Ireatment must bs bosed on a correlation of surgical and nuclesr medi-

cal measures whioh take into sccount the condifions of the wownd,
the amount of radistion reveived and the climioal pioture of the redi-

ation illness. These tesks can be solved only Ly the sooperstion of

nurgeons, nuolear physicians and physlecists. The aim of this work was

to pravide some guiding livws foxr such a occoperation. :
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